Introduction {#S0001}
============

The time interval between presentation of a stimulus and initiation of a voluntary motor response is referred to as the reaction time.[@CIT0001] The evaluation of the reaction time gives an idea of the integrity and processing capabilities of the central nervous system.[@CIT0002] It is an indirect indicator of the ability of the central nervous system to process and also is a simple tool to determine a person's motor--sensory relationship and related functions.[@CIT0003] In fact, the ability to detect or recognize one visual stimulus via one response can be assessed by measuring the reaction time that called simple visual reaction time.[@CIT0004] Reaction time measurement is used to evaluate a person's state of health as well as an individual's condition monitoring during their daily life to better performance of mental activities, decision-making and planning that necessary for driving, playing sport and other activities that require high focus and speed in instant decision.[@CIT0005]--[@CIT0010]

Although previous studies have generally not provided fixed values for reaction time due to the influence of various factors on its values, some researchers' findings showed that the average simple reaction times for college students are about 190 ms or more for visual stimuli.[@CIT0011],[@CIT0012]

SVRT consists of various components. This is partly dependent on the rate of peripheral neural conduction including sensory processing speed and motor speed. Also, it incorporates central stimulus--response integration, which includes components such as response readiness, attention and alertness.[@CIT0013] Reaction time is influenced by different factors such as age, sex, left or right hand or handedness, central versus peripheral vision, type of receptor system involved, practice, fatigue, and intelligence of the subject.[@CIT0014] A review of previous studies suggests conflicting results regarding the duration of response to visual stimuli, with some studies reporting the faster response of reaction times for red color[@CIT0015] and others for green[@CIT0016] compared to each other.

Given the scarcity of literature and the contradictory results on the effect of object color on simple visual reaction times, further investigations are recommended by many researchers, so the present study was carried out to evaluate the simple visual reaction times of female students in four red, yellow, blue and green color stimuli.

Materials and Methods {#S0002}
=====================

This study was carried out in the Optometry Department of Iran University of Medical Sciences, Tehran, Iran. Written informed consent was obtained for each subject, and the research was conducted in accordance with the principles laid down in the Declaration of Helsinki. One hundred female students with the mean age of 23.02±3.45 years (range from 18 to 30 years) were recruited from the students of the School of Rehabilitation Sciences, Tehran. All subjects participated in the study with the following conditions: predominantly right-handed, no history of drug or alcohol abuse, nonsmoker and without any history of medical body injury especially brain Injury.[@CIT0017] It is also noteworthy that all participants were selected among female students with clinically normal visual acuity, binocular fusion and color vision.

After mentioning the relevant history and detailed clinical examination, the study protocol was explained for participants. First uncorrected visual acuity (UCVA) was recorded using chart projector (HCP-7000; Huvitz, Gyeonggi-do, Korea) at a distance of 6 meters and patients with uncorrected visual acuity of 20/20 were selected. Also, all students underwent non-cycloplegic refraction with the HRK-7000 Auto refractometer (Huvitz, Gyeonggi-do, Korea) and the Heine Beta-200 retinoscope (HEINE Optotechnic, Hersching, Germany). Due to the effect of refraction and its correction on visual reaction time,[@CIT0018] emmetropic patients were selected in the present study.

The color blindness test was performed monocularly by the Ishihara color test (Kanehara and Co., Tokyo, Japan) under lighting conditions recommended by the International Commission on Illumination. Patients entered the study without any color vision defects with the performance of this test.

Visual reaction times were recorded using custom-made software called Speed Anticipation and Reaction Tester (SART) software. Inter-rater and intra-rater reliability of the SART software had already been assessed[@CIT0019]. The participants were asked to sit 2 meters away from and in front of the LCD screen with a gray background which was used for displaying RT tests. In the time of the tests, after sitting at the desired distance in front of the 24-inch LCD monitor, participants placed their right forearm on the armrest and held the elbow joint at a 90-degree angle. The display panel is surrounded by four colored buttons so participants can press all four keys with their thumbs. The custom-made software was installed on a laptop computer which was connected to a 24-inch LCD monitor (Samsung syncmaster B243HD 24 inches, Korea) with standard RGB screen and a four-button joystick. The examiner randomly controlled and selected the tests through the laptop. Tasks in the present study included simple visual reaction time with four colored stimuli. Equiluminant colored stimuli of red, green, yellow and blue were displayed on an isoluminant gray background with a mean luminance of 23.86 cd/m^2^. In the visual reaction time test, participants had to press one of the four corresponding color buttons as soon as a color circle appeared on the screen with a gray background. After demonstrating the procedure, subjects were asked to respond to visual stimuli (four different colored circles) by pressing the response key with the index finger of their dominant hand. A millisecond timer of PC with the accuracy of 1 millisecond was activated when the stimulation was applied and deactivated when the subject pressed the button. Each stimulus was presented 30 times and their respective averages calculated. The duration of each stimulus presentation was 5 seconds with the inter-stimulus intervals of 10 seconds. Subjects were instructed to respond to the stimuli as quickly and accurately as possible.

It should be noted that this type of study has been conducted in previous years with fewer participants (62) and Stimulus (2 colored stimuli), suggesting different results. The present study involved more participants (100 subjects) and the use of 4 different colored stimuli for students.

All analyses were conducted using the SPSS software version 21 (SPSS Inc, Chicago, IL, USA). The normality of the distributions was assessed with the Kolmogorov--Smirnov test. The mean simple visual reaction times of red, green, yellow and blue stimuli were compared using analysis of variance (ANOVA) test. The significance level was set at 0.05.

Results {#S0003}
=======

In this study, the mean simple visual reaction time of four different colors of stimuli was calculated as 207.88 ± 7.14, 218.24 ± 11.54, 224.39 ± 15.62 and 216.02 ± 2.49 for red, green, blue and yellow stimuli, respectively. The relevant results are shown in [Table 1](#T0001){ref-type="table"}.Table 1Mean and Standard Deviation of Simple Visual Reaction TimeColor of StimuliMean (SD)Red207.88 (7.14)Green218.24 (11.54)Blue224.39 (15.62)Yellow216.02 (12.49)[^1]

A one-way between the subject's ANOVA was conducted to compare the simple visual reaction time of different colored stimuli ([Table 2](#T0002){ref-type="table"}). The results showed a significant difference (P \<0.001) between simple visual reaction times of red, green, blue and yellow stimuli. Comparison of the results of mean simple visual reaction time with LSD Post hoc test between different color stimuli showed that the reaction time of blue light stimulus was significantly higher than the other color stimuli so that the difference was significant in comparison with red, yellow and green (P\<0.001) color stimuli. In addition, the minimum mean reaction time was related to red color stimuli with value of 207.88 ms, which was statistically significant compared to other color stimuli (P\<0.001). Although the mean reaction time of green color stimulus was significantly different from the red color stimuli (P\<0.001), the 2.2 ms difference between the mean reaction time of green and yellow color stimuli was not statistically significant (P=0.195)Table 2Comparison of Simple Visual Reaction Time for Different Color Stimuli(I) Color(J) ColorMean Difference (I-J)P-valueYellowBlue−8.37\<0.001Green−2.220.195Red8.14\<0.001BlueYellow8.37\<0.001Green6.15\<0.001Red16.51\<0.001GreenYellow2.220.195Blue−6.15\<0.001Red10.36\<0.001RedYellow−8.14\<0.001Blue−16.51\<0.001Green−10.36\<0.001

Discussion {#S0004}
==========

In the present study, it has been observed minimum and maximum mean reaction time for red and blue light stimuli, respectively, with a mean difference of about 16.5 msec. Also, the average reaction times of green and yellow light stimuli were found to be intermediate between the red and the blue. The results of previous studies of the reaction time of color stimuli indicated inconsistencies.

Consistent with the results of the present study, some studies[@CIT0015],[@CIT0020]--[@CIT0023] showed that reaction times to red stimuli were shorter than those to green or blue stimuli. Also, the results of Tomito et al[@CIT0024] study indicate that when the retina was illuminated with microelectrode penetration of single cones, the maximum number of cones is activated for red color, followed by blue and least response was for green color. The shorter reaction times of red light compared to green light can be explained by the number of light-sensitive photoreceptors with different colors and trichromatic theory, which demonstrates the tendency of photoreceptors to have different levels of sensitivity.[@CIT0025] Given that most percent of cone cells peaked for red light after stimulation, this may be the reason for the faster response of the visual system to red-colored light in the present study.

On the other hand, contrary to the findings of the present study and also many previous studies,[@CIT0015],[@CIT0020]--[@CIT0023] it was reported that the reaction time for green color stimuli was less than that for red color stimuli.[@CIT0016],[@CIT0026] And the reason for this finding is based on the corpuscular theory.

According to corpuscular theory,[@CIT0027] light waves with different wavelengths have different energies, so the higher the wavelength, the less energy carries by it. Since the red light in the visible spectrum has the highest wavelength, it will carry the lowest amount of energy and thus provide a slower response. The greater energy carried by green light could stimulate the visual receptors faster when compared to red light.[@CIT0016]

The results of the present study also showed the maximum and minimum reaction times for the blue and red light colors, respectively, which is inconsistent with the theory of the amount of energy carried by each colored light (corpuscular theory) and partly related to the relative number of cones activated in response to a particular colour of light. Given these explanations, it may be said that the cumulative effect of two opinions including the number of exciting photoreceptors and the energy carried by light can affect the visual reaction time together, so the simultaneous effect of these two factors leads to the real result.

Another finding of the present study was that the mean visual reaction time of the blue light stimulus response was longer than the other light stimuli. The possible reason for this finding may be that the signal processing time in the S-cone system is slightly longer than the other cone systems and so further stimulation of the system needed to lead to the perception of blue and purple hues.[@CIT0028],[@CIT0029]

Conclusion {#S0005}
==========

There are significant differences in the reaction time of the visual system for different colored light stimuli, which can be due to the different factors and systems involved in the visual processing, color perception and activation of cone cells. Further research will be needed to assess the impact of colored stimuli on visual reaction time.
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[^1]: **Abbreviation:** SD, standard deviation.
